Heat shock protein-70 induction mediates luteal regression in the rat.
Induction of heat shock protein 70 (HSP-70) is associated with inhibition of hormone-sensitive steroidogenesis and interruption of cholesterol translocation to or into the mitochondria. A number of pharmacological and physiological inhibitors of luteal cell function stimulate HSP-70 synthesis via activation of the heat shock transcription factor (HSF). In the present study we address the following questions: 1) is HSP-70 synthesis increased during prostaglandin F2 alpha (PGF2 alpha)-induced luteolysis or natural luteal regression? 2) Does blocking HSP-70 synthesis reverse the inhibition of hormone-sensitive steroidogenesis induced by heat stress and PGF2 alpha? Gel-retardation assays demonstrated HSF activation within 7.5 min after PGF2 alpha (400 micrograms) administered in vivo. Western blotting revealed HSP-70 synthesis by 1 h with higher levels seen at 2 h. The stress response was similarly activated during natural regression of the corpus luteum in rats. Gel retardation assays demonstrated maximal HSF activation 10 days after ovulation. Western blotting showed that HSP-70 levels increased dramatically on this same day and were sustained for several days after the initiation of luteal regression. Inhibition of HSP-70 synthesis was investigated in isolated luteal cells using a cholesteryl-conjugated phosphorothioate antisense oligodeoxynucleotide. The control was an oligodeoxynucleotide with the same base composition, but with scrambled base sequence. Incubation with 3 microM antisense oligodeoxynucleotide for 2 h before a 42 C heat shock prevented synthesis of HSP-70 while up to 4.5 microM control oligodeoxynucleotide had no effect on HSP-70 synthesis in response to heat shock. Preincubation with antisense oligodeoxynucleotide partially reversed heat stress-induced inhibition of LH-stimulated steroidogenesis. More importantly, preincubation with antisense oligodeoxynucleotide also significantly reversed inhibition of cAMP-stimulated steroidogenesis induced by PGF2 alpha. Treatment with control oligodeoxynucleotide did not reverse heat shock or PGF2 alpha inhibition of hormone-dependent steroidogenesis. The findings that the synthesis of HSP-70 coincides with the loss of luteal function and that blocking its synthesis reverses inhibition of hormone-dependent steroidogenesis strongly suggest a role for HSPs as physiological mediators of luteal regression.